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ABsrRAcr 
Kentucky bluegrass ~ pratensis} and tall fescue (Festuca 
arundinacea) were treated in two field experiments with chlorsulfuron, 2 
chloro-N- [<4-rnetho:xy-6 rnethyl-1,3,5-triazin-2-yl} aminocarbonyl] 
benzenesulfonamide). Chlorsulfuron treabnents included single rates of 
0, 18, 35, 71, 141, 212, and 282 g {a.i.} ha-l and split rates of 18+1'8, 
35+35, 71+71, 141+141, and 212+212 g ha-l. Clipping weights and quality 
ratings were taken in both experiments. Kentucky bluegrass showed much 
higher tolerance to the chemical with no decrease in quality at the 
highest single and split application rates in both experiments. 
However, as the chlorsulfuron rate increased the clipping weight 
significantly decreased. Tall fescue showed very low tolerance to the 
chemical and was controlled at single rates of 141 g ha-l and split 
rates of 141+141 g ha-l and greater. Although the tall fescue recovered 
from damage at single rates of 71 g ha-l and split rates of 71+71 g ha 
-1, severe growth inhibition and discoloration of above-ground tissue 
occurred at the lower rates. 
Twelve months after the first chlorsulfuron was applied to each 
experiment, glyphosate, isoproP{larnine salt of N-
{phosphonomethyl}glycine, was sprayed over the plots to kill all 
existing plant material and Kentucky bluegrass was seeded into the plots 
two weeks later at the rate of 0.75 kg are-1. Kentucky bluegrass seed 
germinated 10 to 14 days later in all plots, regardless of chlorsulfuron 
rate. 
In a second investigation, chlorsulfuron was applied to annual 
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bluegrass (.EQs. annua>, creeping bentgrass (Agrostis p:.Uustris) , fine 
fescue (Festuca rubra), tall fescue (Festuca aruodinacea), quackgrass 
CAgrO.IZ{ron repens) , smooth bromegrass (Bromus inermis) , and perennial 
ryegrass (Lolium perenne> at the rates of 0, 141, and 282 g ha-l in 
repeated greenhouse experiments. Clipping weights, heights and quality 
ratings were taken during the course of the experiment. Tall fescue and 
perennial ryegrass were very sensitive to the chlorsulfuron and were 
killed at both rates. Creeping bentgrass, fine fescue, quackgrass, and 
smooth bramegrass were more tolerant of chlorsulfuron treatments and 
were not controlled. Annual bluegrass was killed by chlorsulfuron in 
Exp. I, but not in Exp. II. 
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INTROilJC!'ION 
Kentucky bluegrass ~ pratensis L.) is a cool season turfgrass 
favored 1:¥ an optimtm1 temperature of 16-24° C (Beard, 1973) • '!his 
species is most easily identified by its characteristic boat-shaped leaf 
tip (APpendix A). However, other features may aid in its identification 
such as folded vernation, short membranous ligule, collar without 
auricles or hairs, and vigorous development of rhizomes (Turgeon, 1980). 
Kentucky bluegrass is the most important and widely used of the cool 
season turfgrass species. It forms a medium to fine textured turf, of 
high shoot density. An excellent quality turf is formed when a cutting 
height of 2.5 to 5.1 em is maintained (Beard, 1973). 
Tall fescue (Festuca arundinacea SChreb.) may be identified by its 
' bunch-ty};e growth habit, rolled vernation, membranous ligule, divided 
collar and very coarse textured leaf (Appendix B) • It forms a turf of 
very low shoot density with a leaf texture that is coarser than any of 
the commonly used cool season turfgrasses, and does not blend well with 
the finer bladed species such as red fescue, perennial ryegrass and 
Kentucky bluegrass. Tall fescue is a highly drought and wear tolerant 
cool season turfgrass (Daniel and Freeborg, 1979). It is maintained 
best at higher mowing heights of 7.6 to 10.2 em and may not survive 
repeated closer cuttings (Sprague, 1976). 
Tall fescue is adapted for use in the transition zone between the 
cool humid and warm humid regions. In the cooler areas of the cool 
humid region, tall fescue is prone to low temperature injury and tends 
to behave like a short-lived perennial (Sprague, 1976). Due to lack of 
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low temperature hardiness, plants thin out until only scattered, coarse 
textured clumps remain that eventually become weeds. 
A weed is CU1:Y plant growing where it is not wanted. Lawn weeds 
disrupt a uniform turfgrass commmity through differences in color, 
texture and shape. A particular plant species may be considered a weed 
in one circumstance and a desirable turf grass in another. Tall fescue 
is a good example of a "potential" weed. A solid, uniform stand of tall 
fescue is quite desirable when it is used in athletic fields, parks and 
lawns. However, when it is intermingled with Kentucky bluegrass, it 
disrupts the uniformity and apr:earance of the turfgrass and is 
considered to be a weed. 
In a Kentucky bluegrass turf, tall fescue is a very difficult 
species to control selectively because of its physiological similarities 
to the bluegrass. Therefore, the control of tall fescue in Kentucky 
bluegrass generally requires spot treatment with non-selective 
herbicides, although mechanical removal may be an alternative if the 
infestation is not too widespread. 
Chlorsulfuron, which is marketed by Du Pont under the trade name 
'Glean', has shown some pranise for selective control of tall fescue in 
Kentucky bluegrass in initial greenhouse screening tests conducted at 
Iowa State University (Larocque and Christians, 1985). Chlorsulfuron is 
a relatively new selective herbicide for wheat, barley, and reduced-
tillage fallow systems followed by wheat. Formerly known as DPX-4189, 
it is 10 to 100 times more active than most herbicides (Palm, 1982). 
Rates of 1.6 to 5.7 grams of material per hectare of the 75% dry 
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flowable formulation were commercially introduced in the u.s. and 
granted full registration by the E.P.A. in 1982 (Palm, 1982). The 
chemical selectively controls a large spectrum of both broadleaf and 
grass weeds. 
The objectives of the experiments were to determine (1) the effects 
of the chlorsulfuron on tall fescue and Kentucky bluegrass (2) to 
establish the tolerance levels for both species to the chemical under 
field conditions, (3) to stuqy the effects of chlorsulfuron on Kentucky 
bluegrass seed germination, and (4) to investigate the effects of 
chlorsUlfuron on other grass species which are often found in Kentucky 
bluegrass turf. 
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REVIEW OF LITERA'IURE 
Weed Control 
Any plant that disrupts the uniformity of a desirable turfgrass 
stand may be considered a weed. Weeds may be categorized as either 
clicots or monocots. Dicots or broadleaf weeds, such as dandelion and 
plantain are recognized 1:¥ their net veination, ordered vascular system 
and apical meristan. Most broadleaves are easily controlled 1:¥ the 
phenoxy or auxin-like herbicides. 
Monocots or grassy weeds, such as sedges and grasses are recognized 
by their parallel veination, scattered vascular system and intercalary 
meristans. The sedges are more difficult to control than broadleaf 
weeds. Yellow nutsedge in Kentucky bluegrass, however, may be 
controlled 1:¥ repeat applications of Basagran or ~!Sl<lA. The most 
difficult weeds to control in a turf stand are grassy weeds. Control of 
grassy weeds in turf depends on the life cycle. Annual grasses such as 
crabgrass, goosegrass and foxtails may be effectively controlled by 
applying preanergence herbicides like DCPA, Benefin, Bensulide, 
OXidiazon and Siduron before ger.mination. 
Perennial grass weeds are the most serious weed problan in turf due 
to their physiological similarities to the turfgrasses. Perennial 
grasses such as tall fescue, quackgrass, and nirnblcwill have no control 
except with the use of nonselective herbicides which also kill the 
surrounding desireable grasses. 
Early nonselective controls of the perennial grasses included the 
use of Cacodylic acid and Paraquat. These contact herbicides were not 
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effective on plants with rhizanes resulting in poor control of many 
species. rater, systemics such as amitrole and dalapon provided good 
control, but had a long residual effect which prevented reseeding for 6 
to 8 weeks after treatment. Currently, glyphosate is the best 
nonselective choice because of its short residual activity. However, 
these herbicides are all non-selective, killing all growing tissues. 
~:· 
There are presently no labeled selective controls of perennial grass 
weeds in Kentucky bluegrass turf. 
Chlorsulfuron General Product Information 
Chlorsulfuron (2-chloro-t~[<4-~ethoxy-6-methyl-1,3,5-triazin-2-yl) 
arnin<>qlrbonylj benzenesulfonamide) is an odorless, white, crystalline 
solid. It has a melting point of 174-17B<>c and a decomposition 
temperature of 192°C. Chlorsulfuron is a sulfonyl urea with a triazine 
side group. Sulfaneturon Methyl with the trade name 'OUSt' is the only 
other herbicide in this newly formed sulfonyl urea classification group. 
Below is a structural formula for chlorsulfuron: 
0 
CL 
---<~~-OCH3 ~ _/N 
~NHCNH' 0 N ·N---~(H 
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Chlorsulfuron is marketed by Du Pont in a 75% dry flowable 
formulation. It is 10 to 100 times more active :per gram of product than 
most commericial products and can control weeds on 1 acre with 1 
teaspoon. However, as active as this herbicide is, it has a oral 
toxicity which is less than table salt. The chemical is not a skin 
irritant or sensitizer, oncogenic, mutagenic, or teratogenic (Du Pont, 
1982). 
The average half-life under field conditions is 4 to 6 weeks which 
is comparable to metribuzin. Therefore, chlorsulfuron is not considered 
a :persistant herbicide, however, since highly sensitive plants may be 
controlled by extremely low concentrations the efficacy of this material 
varies with plant s:pecies. 
The product is highly comp;ttible and may be tank-mixed with many 
herbicides and liquid fertilizers. Chlorsulfuron is labeled for the 
control of a majority of broadleaf weeds and many grasey weeds may be 
controlled preemergently or early post-emerge. 
~IDst of the work with chlorsulfuron has been carried out during the 
p;tst decade. Research has been directed ta.vards mode of action, s:pecies 
selectivity, herbicide mixtures and analysis of residues. The herbicide 
is labeled for use in cereal crops and ooes not have a label for use in 
turf as an herbicide. 
Toxicity 
Chlorsulfuron carries the signal word "caution" on the label. The 
product has a very lCM rnarrmalian toxicity. The acute oral w 50 for 
fasted male rats is 5545 mg/kg and for fasted female rats is 6293 rng/kg. 
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Male and fanale rats were fed dietary levels of 0, 100, 500, and 5000 
ppm for 3 months. At 5000 ppm a decreased rate of body weight gain was 
observed in fanales, along with hanatologic and other clinical 
laboratory effects. However, no gross or microscopic pathology finding 
was attributed to the product. Exposure of the rabbit eye to 
chlorsulfuron as a solid, produced a very mild tanporary conjunctival 
irritation with no other effect. Chlorsulfuron was not an irritant or a 
sensitizer when applied to shaved, intact guinea pig skin at 3% and 30% 
concentrations in an inert carrier. It was not mutagenic in the 
Salmonella/microsome assays (Levitt et al., 1981). 
Mode of Action 
Chlorsulfuron is systemic and is active through the foliage and 
root system. Death of treated plants is slow and is accompanied by 
chlorosis, necrosis, terminal bud death, vein discoloration, and 
complete growth inhibition. Nonsensitive crops such as wheat are able 
to metabolize the chlorsulfuron to inactive products (SWeetser et al., 
1982). 
Chlorsulfuron appears to specifically inhibit plant cell division 
(Ray, 1982a). Continuous growth measuranents of chlorsulfuron-sensitive 
seedlings demonstrated that growth was inhibited within 2 hours of 
application. By 8 hours, growth was reduced 80%. This reduction in 
growth was associated with inhibition of cell division. There were no 
significant effects on auxin-, cytokinin-, or gibberellin-induced cell 
expansion. Ribonucleic acid synthesis and protein synthesis were also 
initially unaffected under conditions -tlhere plant cell division is 
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strongly inhibited {Ray, 1982a). Ray (1982b) suggests the lack of 
early effects on major plant metabolic processes, along with the low 
levels and short treatment times needed to inhibit plant growth and cell 
division, imply a very specific site of activity for chlorsulfuron in 
the plant cell. studies conducted by Hatzios and Howe {1982) revealed 
that the first metabolic process inhibited by chlorsulfuron is lipid 
synthesis. 
Hageman and Behrens {1984) studied the differences in response of 
Solanum sp., a tolerant species, and Ablitilon sp., a susceptible 
species, to foliar-applied chlorsulfuron. At 50% reduction in dry 
weight, velvetleaf was greater than 20,000 times more susceptible to 
chlorsulfuron than was Solanum. The differences c1etected in spray 
retention, absorption, and translocation were inadequate to account for 
the large resp:>nse differences between the two species. In Solanum, 
81.1% of the absorbed chlorsulfuron was metabolized within 72 hours of 
application. In Abutilon, only 7.1% was metabolized within a 72 hour 
period. 
Chlorsulfuron is a very p:>tent and rapid inhibitor of cell division 
and plant growth. Cell division was inhibited within 6 hours of 
application. Cell elongation was not initially affected and 
photosynthesis, respiration, protein synthesis and RNA synthesis all 
remained normal after growth had been arrested {Ray, 1980). 
Weeds Controlled 
Levitt et al. (1981) found that chlorsulfuron provided control of a 
large number of weed species. The product is particularly useful at low 
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rates of application in both preemergenoe and postemergenoe treatments 
of weeds associated with cereal crops. Preemergenoe appiication of 
chlorsulfuron at the rates of 2 to 64 glha showed that crabgrass 
{Digitaria ~) could be suppressed with no phytotoxicity to wheat. 
Chlorsulfuron applied at 20, 40, or 60 glha did not affect the growth of 
oats {Hall et al., 1982). Studies conducted at IO\va State University 
have shown that chlorsulfuron can be applied to Kentucky bluegrass at 
rates as high as 280 g/ha without any phytotoxic effects. O'Sullivan 
{1982) observed excellent control of a variety of broad-leaved weeds 
when chlorsulfuron was applied to the soil {40 to 200 g/ha) or foliage 
{1 to 100 g/ha). At ~uivalent rates, foliar applications were more 
effective than soil applications in the year of appiication. 
Chlorsulfuron is currently labeled for tank-mixing with other 
products such as metribuzin and diuron for a broader S{:ectrum of weed 
control. Chlorsulfuron and diclofo~ethyl combinations have been 
tested under field conditions in western canada. It was questioned 
whether diclofop-methyl was antagonized ~ chlorsulfuron when tank 
mixed. Through the canadian study, it was observed that chlorsulfuron 
additions did not affect the activity of diclofop-methyl {Hall et al., 
1982). 
Dernoeden and Nash {1982) observed that chlorsulfuron applied at 35 
and 70 glha effectively controlled white clover and henbit. Iandelions 
appeared to be controlled initially, however, data taken 3 months after 
application showed that the dandelion J;X>pulations were canparable to the 
untreated plots. After henbit senescence, spedwell and mouse-ear 
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chickweed colonized in all plots except those treated with 
chlorsulfuron. The authors noted that 35% of the :rerennial ryegrass 
turf had been killed by chlorsulfuron in plots treated with 35 g/ha, and 
82% with 70 g/ha. 
Chlorsulfuron at 0.14 kglha caused objectionable turf injury on a 
established turf of red fescue, Kentucky bluegrass and perennial 
ryegrass. Chlorsulfuron provided poor crabgrass control regardless of 
rate, single or split application,and pre or post-emerge. The authors 
did suggest future testing at higher rates 0Van Yahres and Jagschitz, 
1982). Martin et al. (1981) found that chlorsulfuron applied at a 
concentration of 0.05 and 0.1% provided only 8 and 15% control of 
vel vetleaf respectively. 
Chlorsulfuron applied at 0.07 and 0.14 kg/ha gave season-long 
control of green and yellow foxtail and broadleaf weeds when applied in 
the late fall or early spring. The major weed escapes were wild oat and 
volunteer wheat. COmbining 0.56 kg/ha of metribuzin or isouron with 
chlorsulfuron controlled both escape weeds. Hard red spring wheat 
tolerance to chlorsulfuron was excellent regardless when applied (Miller 
and Nalewaja (1981) • 
Chlorsulfuron applied at 0.03 and 0.07 kg/ha has provided excellent 
control of both annual and winter annual false chamanile with little or 
no crop injury {Hoag et al., 1980). 
Finnerty and Glaser (1980) found chlorsulfuron had 80% control of 
B:ruisetum hyemale at 35 g/ha and over 90% control at 71, 141 and 282 
g/ha. 
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Spring wheat seed weight, yield and germination were unaffected 
when chlorsulfuron was applied at 200 glha in Canadian field plots. 
Control of cow cockle with chlorsulfuron appiied at 20-80 glha was very 
slCM. Addition of .1% Citar~ett surfactant increased control and the 
speed of kill. When applied at the 4-leaf stage, control with 5 g/ha 
plus surfactant was equal to 40glha without surfactant. Thus, addition 
of a surfactant resulted in an 8-fold increase in control. Post 
emergence application of chlorsulfuron was more effective than 
preemergence, shallow-incorporated treatments (Hunter, 1981}. 
RQttb9ellia exalta may be controlled with chlorsulfuron in maize at 
lQ-20 g/ha with the use of a herbicide safener. 1, 8-naphthalic 
anhydride (NA} applied as a seed dressing greatly increased the 
tolerance of maize, sorghum and rice. Wheat and l::arley were also well 
protected by (NA}, rates over 100 glha for control of difficult weeds 
may be possible in the future. Seed dressing with {NA) failed to protect 
oil seed rape, sugarbeet, perennial ryegrass, cwarf bean or onion 
against chlorsulfuron (Parker et al., 1980}. 
Char~ and Talor {1980) found that all surfactants tested (.5% of 
total volume) enhance herbicidal activity. Agral was most effective 
followed by Cittowett plus, Renex-36, and Atplus 300F. 
Residual 
The most important factor associated with chlorsulfuron residue is 
soil pH. As the soil pH increases, the rate of breakdown decreases. 
Thus, the J;H affects the longevity of the chemical in the soil and is 
not recommended for soils above PI 7.5 {Du Pont, 1982). Due to 
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sensitivity of certain crop species, chlorsulfuron is not reoammended 
for use on land that is rotated to crops other than wheat or barley. 
The product is nonvolatile and degradation is principally by hydrolysis. 
Chlorsulfuron was readily leached in a silt-loam soil following 
application of amounts of water equivalent to 38 and 75 nm of rainfall 
(O'Sullivan, 1982). Chlorsulfuron has a half-life of approximately 1 
month during the growing season (Zahnow, 1982) • Weeds have been 
controlled 8 months after application at 20 glha in the greenhouse and 
12 months after application at 40 glha in the field. Since 
chlorsulfuron is applied at very low rates, it is app:trent that the 
residues in the soil will be extrenely low. 
Zahnow (1982) developed an analytical method based on the use of a 
liquid chromatograph and a photoconductivity detector for determining 
chlorsulfuron levels in soils as low as C0.2 ppb). The reliability of 
this method has been established by comp;~.rison with results obtained by 
a bioassay method. Slates (1983) developed a high-perfor.mance liquid 
chromatographic method using photoconductivity detection to determine 
chlorsulfuron residues in cereal crops. Residues disappear rapidly fran 
green wheat plants and have never been detected in grain or str~~ of 
mature wheat, barley, or oats. 
Chlorsulfuron at 1,5 and 10 glha at three different day/night 
temperature regimes. Spring wheat was sown and after 4 weeks in the 
11/7 °c roam where 10 g/ha of chlorsulfuron was applied, a reduction of 
weight was noted. After 8 weeks, all herbicide treatments were as 
controls. A Sinapis~ bioassay of the soil showed that the presence 
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of wheat reduced the persistence of chlorsulfuron Ccaseley, 1982) • 
Walker and Brown {1982) observed a wide range of crop reSIX>nses to 
chlorsulfuron. Barley was unaffected at the highest rate (20 g/ha) 
while lettuce, onion, and red beet were severely affected at the lowest 
rate {1.25 g/ha). The following year a follow up study was established 
using much lower rates of chlorsulfuron. The most sensitive crop was 
onion. Its fresh weight was reduced 80% at 0.25 g/ha. Red beet, 
carrot, spinach, cabbage, lettuce, turnip and dwarf bean fresh weight 
decreased 50% with the following rates 0.63, 1.24, 1.51, 1.58, 1.78, 2 
and 3.16 g/ha. The authors also noted that residues of chlorsulfuron 
declined rapidly with time for 50% loss between 40 and 50 days. 
Greenhouse studies showed that oats are more tolerant than wheat 
and tarley at p:>stemergence chlorsulfuron rates of 0.5, 0. 75 and 1 
kglha. Phytotoxic symptoms at these higher rates included chlorosis and 
stunted growth. All three species showed tolerance at the 0.25 kg/ha 
rate. When applied at 1 kglha in the greenhouse it was noted that 
'Butte• was the only spring wheat cultivar slightly more tolerant based 
on shoot dry weight. Eight oat cultivars and nine barley cultivars did 
not differ in tolerance to chlorsulfuron at 1 kg/ha. Posternergence 
applications of chlorsulfuron of 0.125 and 0.25 kglha in field studies 
showed no differential yield reSIX>nse in three oat cultivars, seven 
spcing wheat cultivars, four barley cultivars and three duram wheat 
cultivars (Hageman and Behrens, 1980a). 
sugarbeets and sunflowers were planted in chlorsulfuron treated 
plots (0.125 and 0.25 kg/ha) 1 year following treatment. Sugarbeets 
16 
failed to germinate at either rate. SUnflowers emerged but were 
moderately injured by the 0.125 kglha application and severely injured 
by the 0 .25 kglha applications. Vel vetleaf, red-root pigweed, canrnon 
lambsquarters, and foxtail were controlled all season in the 0.25 kglha 
plots. Vel vetleaf and foxtail control decreased late in the season in 
the 0.125 kg/ha plots (Hageman and Behrens, 1980b) • 
streibig (1983) noted that the dose-response curves of 
chlorsulfuron were flat compared to linuron's. When the two herbicides 
were applied to Sinapis .e.lJ;;!g and barley at different mixture ~rcentages 
and a detracted efficacy was observed. Thus, an increase in either dose 
rate will compensate for the detracted efficacy of both without injuring 
the barley crop. 
High humidity (98%) versus low humidity <<SO%) caused a 20-30% 
increase in kochia control with chlorsulfuron. Green foxtail control 
was less at higher tanperature (3o0C) and high humidity. Green foxtail 
control increased as ammonium nitrate at 0 to 90 kg/ha was added to a 
soil low in nitrogen. Control of green foxtail and kochia was higher 
when moisture was at field cap:icity before and after treatment (Woznica 
and Nalewaja, 1981). 
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SECTION I. EFFECI'S OF Q!IDRSJLEURal APPLIED 'IO TALL FESOJE 
AND KEN'IUCKY BLUH,;RASS IN FIELD TRIALS 
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INTROWcriON '10 Slr.I'ION I 
Tall fescue is a very difficult species to control selectively in a 
Kentucky bluegrass turf, because of its physiological similarities to 
the bluegrass. Therefore, the control of tall fescue in Kentucky 
bluegrass generally requires spot treatment with nonselective 
herbicides, although mechanical ranoval may be ai1 alternative if the 
infestation is not too widespread. 
Chlorsulfuron, which is manufactured under the trade name 'Glean' , 
has shown same promise for selective control of tall fescue in Kentucky 
bluegrass in initial greenhouse screening tests conducted at Iowa State 
University (Lago<XJue and Christians, 1985). This field research is a 
continuation of the previous greenhouse work. 
The objectives of this study were to determine (1) the effects of 
the chlorsulfuron on tall fescue and Kentucky bluegrass (2) to establish 
the tolerance levels for both species to the chanical under field 
conditions, and (3) to study the effects of chlorsulfuron on Kentucky 
bluegrass seed germination. 
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MATERIALS AND ME'IHOOS 
Field studies were initiated on 28 June 1983, at the Iowa State 
University turf research plots north of Ames, leMa. Two studies were 
established. The first one in tall fescue (Kentucky 31) and the second 
in a premium sod blend of Kentucky bluegrass. The blend consisted of 
25% by weight each of 'Parade', 'Adelphi', 'Glade', and 'Rugby' Kentucky 
bluegrass. The studies consisted of twelve, 2.3-m2 plots replicated 
three times. In both studies each 2.3-m2 plot was divided in the middle 
with bluegrass on one side and tall fescue on the other. The plots were 
established by interchanging strips of sod 1.5-m2 between the two areas. 
The studies were arranged as a split-plot with chlorsulfuron treatments 
as main plots and species as sub plots with three replications {Appendix 
C). 
Chlorsulfuron treatments included single rates of 0, 18, 35, 71, 
141, 212, and 282 g(a.i.) ha-l and split rates of 18+18, 35+35, 71+71, 
141+141, and 212+212 g ha-l. Each treatment was applied in 326 ml of 
water at 1.38 x 105 Pa pressure with a hand-held oo2 operated boom 
sprayer in four different directions to insure uniform coverage. The 
single application and first of the split application rates were applied 
11 July 1983, while the second application of the split rates were 
applied 25 July 1983. 
The Kentucky bluegrass was maintained at a height of 5.1 em while 
the tall fescue was cut at 7.6 an. At quarterly intervals throughout 
the growing season, 49 kg ha-1 of N as Sulfer coated Urea (SQJ) 'YTas 
applied to the plots. The area was irrigated as needed to prevent 
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moisture stress. :rata taken weekly during the study included fresh 
clipping weights and quality ratings based primarily on color, 
t.miformity, and density, all rated on a scale of 1 to 9 with 1 = 
poorest, 6 = acceptable, and 9 = best quality. Clipping weights were 
collected with a Honda, push-bag mower with a 50 an wide cutting width. 
The clippings were collected fran an area 1.5 m by 50 an and weighed in 
grams. After data fran all plots were recorded for both ~cies within 
each plot, the plots were canpletely IOOWed off at their re~ctive 
mowing heights. At termination of the study, 10.6 an diameter wire 
circles were randomly tossed within each plot three times and the number 
of orchardgrass, tall fescue, and Kentucky bluegrass plants were 
cot.mted. 
After all of the data had been recorded fran the smmter study, 
' 
glyphosate was sprayed over the area one year fran the date that the 
chlorsulfuron treatments had been applied. Two weeks later all the 
above grot.md tissue was mowed to 2.5 an height. A Jacobson overseeder 
was used to reseed Kentucky bluegrass seed at the rate of 0. 75 kg are-1 
into the chlorsulfuron residual plots. The study was irrigated daily 
for 2 weeks t.mtil germination was observed and then irrigated regularly 
to prevent moisture stress with the surrot.mding studies at the ISU 
research farm. 
The second study that had been initiated on 28 Jt.me 1983 in a 
Kentucky bluegrass pranium sod blend area was allowed to establish for 
three months. On 1 Oct. 1983, the same single applications and first of 
the split applications were made. On 15 Oct. 1983, the second 
21 
application of the split rates were applied. The management practices 
and data collection were uniform throughout both experiments. 
An analysis of variance OOlOJA) was performed on data fran 
Experiments I and II to determine if they could be combined into one 
data set for analysis. Differences between the two experiments at 
(P=O .05) were determined to exist for each dependent variable and thus 
seperate ~A and regression analysis were performed separately for the 
two investigations. 
22 
RESULTS AND DIS<lJSSION 
The plant res!X)nses to chlorsulfuron rates varied with species. In 
both experiments, study, treatment, species, treatment x stuqy, and the 
interaction of treatment x species were significantly different at the 
P=O.Ol level (Appendix G). Kentucky bluegrass showed much higher 
tolerance to the chemical with no decrease in quality at the highest 
single and split application rates in both experiments (Figs. 1 and 2) • 
However, as the chlorsulfuron rate increased the clipping weight 
significantly decreased (Figs. 3 and 4). This observation suggests that 
chlorsulfuron has same growth retarding effects on Kentucky bluegrass. 
Tall fescue showed very lCM tolerance to the chemical and both quality 
and clipping weights were severely affected at single rates of 141 g ha-
l and split rates of 141 + 141 g ha-l and greater. Although the tall 
fescue recovered from damage at 71 g ha-l and 71 + 71 g ha-l, growth 
inhibition and discoloration of above-ground tissue occurred at the 
lower rates. 
Chlorsulfuron effects on turfgrass quality appeared within 2 weeks 
of application in Exp. I, whereas in Exp. II, the effect on quality was 
slow to develop (observed the following Spring). I:eath of tall fescue 
plants was preceded by chlorosis, necrosis, growth inhibition, and 
terminal-bud death. The heaviest chlorsulfuron treatments affected 
plants sooner than the lighter rates. The lethal effect on tall fescue 
at higher rates of chlorsulfuron was not reflected in the quality or 
clipping weight data because of the progressive nature of the damage 
after application. The differences observed between Exp. I and II are 
23 
probably due to differences in environnental conditions that varied with 
the time of the year. In Exp. I the treatments were applied on 11 July 
when the day/night tenperature average was high and no rainfall was 
recorded for one week. In Exp. II the treatments were applied 1 Oct. 
when the day/night tenperature average was much lower than Exp. I and 
3.2 em of rainfall was recorded the same day after the treatments were 
applied. Since chlorsulfuron is princiFSily degraded t¥ hydrolysis, 
this may partially explain wey control was slower and less effective at 
the lower rates in Exp. II. Temperature and moisture conditions are 
shown for the 1983 year {Appendixes E and F) • 
Regression equations for each of the dependent variables are listed 
in Table 1. Only coefficients found to be statistically significant are 
included in the equations. Where no statistical significance was found, 
the variable is listed as non-significant (NS) • Coded whole numbers 
were used to derive the equations for ease of interpretation. 
In Exp. I all dependent variables were best expressed t¥ quadratic 
lines except for Kentucky bluegrass clipping yields fran split-
application rates which was best described t¥ a strait line (Table 1). 
In Exp. II all regression equations were expressed as quadratic except 
for Kentucky bluegrass and tall fescue quality ratings fran split- and 
single-application rates, respectively. 
In the tall fescue plots where the heaviest rates of chlorsulfuron 
were applied, it was noted that same plants were tolerant of the 
treatments. These plants were later identified as orchardgrass 
(Dactylis glanerata L.) • The seed used to establish the tall fescue sod 
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area at the Iowa State University turf research farm was foundation seed 
obtained fran the University of Kentucky. It had evidently been 
contaminated with orchardgrass seed. Orchardgrass and Kentucky 
bluegrass were both present in the plots where the tall fescue had been 
killed. The presence of these two contaminants is reflected in the 
clipping yield data. After death of the tall fescue plants, counts of 
these two species revealed that they sean to expand quickly without 
canpetition fran the fescue. However, these two species did not make up 
a large percentage of the tall fescue plots. 
Kentucky bluegrass seed germinated 10 to 14 days later in all 
pllots, regardless of chlorsulfuron rate. Kentucky bluegrass visually 
covered 100% of all plots regardless of chlorsulfuron rate. 
In SOlanum, a tolerant species, 81.1% of the absorbed chlorsulfuron 
was metabolized within 72 hours of application. In Abutilon, a 
sensitive species, only 7.1% was metabolized within a 72 hour period 
(Hageman and Behrens, 1984). Kentucky bluegrass has shown to be a 
tolerant species which may be metabolizing the chlorsulfuron relatively 
quickly. This in turn would allow reseeding into tall fescue dead s:r;ots 
within a Kentucky bluegrass turf relatively soon after treatment. It 
woUld be interesting to further evaluate Kentucky bluegrass germination 
in chlorsulfuron residual much sooner than these experiments took into 
account. 
25 
Table 1. Regression equations for each of the dependent variables in 
Experiments I and II 
Observation 
ExPeriment .I 
Clipping yield 
Kentuc~ bluegrass 
Single · 
Splitb 
Tall fescue 
Single 
Split 
Quality rating 
Kentucky bluegrass 
Single 
Split 
Tall fescue 
Single 
Split 
E4Q;>eriment li 
Clipping yield 
Kentucky bluegrass 
Single 
Split 
Tall fescue 
Single 
Split 
Quality rating 
Kentucky bluegrass 
Single 
Split 
Tall fescue 
Single 
Split 
Regression equations 
NSC 
Y = 16.9x- 0.73x 
Y = 57.1- 9.80x + 0.4x 
Y = 48.0- 12.2x + 0.7x 
Y = 8.5 - O.lx + 0.007x 
NS 
y = 9.08 - 0.69x + 0.02x 
Y = 8.70- 0.92x + 0.03x 
Y = 96.6- 7.3x + 0.33x 
NS 
Y = 261.6- 23.lx + 0.7x 
Y = 225.9 - 44.lx + 2.6x 
NS 
Y = 8.4 - O.Olx 
Y = 8.5 - 0.13x 
Y = 8.4 - 0.64x + 0.03x 
.25 
.94 
.86 
.30 
.95 
.92 
.so 
.85 
.74 
.22 
.87 
.89 
aFor single application, the following coded treatment levels were 
used to solve the eq:uations: x = 0, 1, 2, 4, 8, 12, and 16. 
bpor split applications, the following coded treatment levels were 
used to solve the eq:uations: x = 0, 1, 4, 8, and 12. 
eNS = Not significant. 
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Fig. 1 Quality ratings of Kentucky bluegrass (K.B.) 
and tall fescue (T.F.) with increasing single application rates of 
chlorsulfuron for experiment I and II 
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Fig. 2 Quality ratings for Kentucky bluegrass (K.B.) 
and tall fescue (T.F.) with increasing split application rates of 
chlorsulfuron for experiment I and II 
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Fig. 3 Clipping weights of Kentucky bluegrass (K.B.) 
and tall fescue (T.F.) with increasing single application rates of 
chlorsulfuron for experiment I and II 
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Fig. 4 Clipping weights of Kentuc~ bluegrass (K.B.) 
and tall fescue (T.F.) with increasing split application rates of 
chlorsulfuron for experiment I and II 
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SECI'ION II. EFFEcrS OF arrDRSJLruRCN APPLIED '!0 FIVE DIFFERENT 
GRASS SPECIES IN 'niE GREENHOOSE 
35 
IN'IROOOcriON 'lD SECI'ION II 
Annual bluegrass (EQa annua>, creeping bentgrass CAgrostis 
aalustris), fine fescue (Festuca rybra), tall fescue (Festuca 
arundinacea), quackgrass (Agrowron repens), smooth branegrass (Branus 
inermis), and perennial ryegrass {Lolium perenne) are a few of the 
grass species which may occur as weeds in a Kentucky bluegrass turf. 
Perennial grass weeds are the most serious weed problan in turf due 
to their physiological simctlarities to the desirable turfgrasses. The 
only methods of control for these ~rennial grass weeds in a desirable 
turf are mechanical digging, or the use of non-selective herbicides such 
as glyphosate. 
Researchers are constantly searching for herbicides which 
selectively control one ~cies without harm to another. Chlorsulfuron 
is a new herbicide which selectively controls certain grass weed species 
within other desirable ~cies. The objectives of the greenhouse 
experiments were to determine the effects of chlorsulfuron on seven 
cool-season grass s~cies that are often found in a Kentucky bluegrass 
turf. 
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MATERIALS AND ME'lliOOO 
On 30 Aug. 1983, 15 sod plugs of annual bluegrass, 'penncross' 
bentgrass, • scaldis' fine fescue, 'Kentucky 31' tall fescue, quackgrass, 
snooth branegrass, and • crown' perennial ryegrass were removed fran the 
field research plots. All soil was washed fran the roots, and the 
plants were reestablished in 8.3 x 7 ern plastic pots filled with 
Nicollet (fine-loamy, mixed mesic Aquic Hapludoll) soil having a Iii of 
7 .2, 25 rng kg-1 P concentration, 73 rng kg-1 K concentration, and 23 g 
kg-1 organic matter content. The r::ots were placed in the greenhouse and 
the sod was allCMed to acclimatize for one month before initiation of 
treatments. 
Each IX>t was fertilized on 2 Sept. 1983 with a 20N - 8.8P - 16.6K 
fertilizer at a rate of 0.25 kg are-1 of N. Greenhouse temperature 
regimes were maintained at 16 to 180c (night) /21 to 23 Cday) • The };X)ts 
were uniformly surface-irrigated three times weekly with 50mL of 
distilled water per };X)t. Radiation levels were maintained during the 
day in excess of 700 mrnol s- m-2 by sunlight and combinations of metal 
halide and high-pressure sodium lamps. On 30 Sept. 1983, chlorsulfuron 
was applied at single application rates of 0, 141, and 282g ha-l. All 
treatments were applied in 2 mL distilled water IX>t-1 with a spray-mist 
atanizer attached to an air pressure pump. 
The experimental design was a split-plot with the seven species as 
main plots and the three chlorsulfuron treatments as subplots in five 
replications (Appendix D) • The experiment was repeated in Sept. 1984 
using the same procedure. The chlorsulfuron treatments were applied on 
37 
3 Oct. 1984. The management practices were uniform throughout both 
experiments except that the metal halide and sodium lamps were not used 
in the second experiment. 
Data collected on a weekly basis included clipping yield, height 
and quality ratings based primarily on color, uniformity, and density 
and rated on a scale of 1 to 9 with 1 = poorest, 6 = acceptable, and 9 = 
best quality. Height (em) fran the soil level to leaf tips were taken 
along with fresh weight taken (grn) at a mowing height of 2.54 an. At 
termination of the studies, all above ground tissue was weighed. 
An analysis of variance ClillOJA) was performed on data fran 
Experiments I and II to determine if they could be canbined into one 
data set for analysis. Differences between the two experiments at (P = 
0.05} were determined to exist for each dependent variable and an ANOIA 
was ~rformed separately for the two investigations. 
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RESULTS AND DISClJSSION 
The responses to chlorsulfuron varied among the grass s~cies. In 
both experiments, the variables study, treatment, species, and the 
interaction of species x treatment were all significantly different at 
the P=O .01 level (Appendix H) • The bentgrass, fine fescue, quackgrass 
and bramegrass were tolerant of the chlorsulfuron treatments. Tall 
fescue and perennial ryegrass, however, were very sensitive to the two 
chlorsulfuron rates {Figs. 5-7) • 
Initial chlorsulfuron effects on turfgrass quality appeared on all 
species within 3 weeks of application. The treated plants appeared 
darker green in color and shorter in height than the controls in both 
experiments. Death of the tall fescue and perennial ryegrass occurred 
slowly over a 4 to 5 week period in both experiments. Tall fescue and 
perennial ryegrass quality was significantly reduced as compared to the 
other species {Fig. 5) 
Annual bluegrass was controlled in Exp. I, but not in Exp. II. 
This may be due to the higher stress placed on the plants through the 
use of high pressure sodium lamps used in Exp. I or differences in bio-
type. Triazine-resistant populations of annual bluegrass have been 
found. These resistance characteristics are stable within the progeny 
and are maternally inherited. Resistant plants required doses 1000 
times greater to control than (Ga&;Iuez and Darrnency, 1983) • 
Snooth bramegrass height was significantly reduced in response to 
the 141 g ha-l rate. This particular species did not, however, always 
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respond well after the initial 2.54 an. clipping height collection. As 
a result, all of the plants in one J::Ot died within one of the five 
replications. 
Tall fescue and perennial :cyegrass average clipping weights 
decreased when either rate of chlorsulfuron was applied in both 
experiments (Fig 6). The clipping weights at both chlorsulfuron rates 
did not average to zero, because the initial clipping date of these two 
species contributed to the averages presented in the graphs. Also, the 
sod plugs of tall fescue and perennial :cyegrass were contaminated with 
Kentucky bluegrass which was not apparent until each species began to 
die. This contamination also contributed to the two species clipping 
weights. The final two clipping sessions,at both rates, had no weight 
because the species were dead and there was no regrowth. Similarly, the 
heights of the two species were zero after initial clipping weights were 
taken because no regrCMth occurred (Fig. 7) • Since height data were 
collected before the initial clipping weights were taken and then 
averaged with the succeeding height data it does not reflect that these 
two species were indeed controlled. 
The information suggests that tall fescue and perennial :cyegrass 
can be controlled within a Kentucky bluegrass turf. Further 
investigation is need to determine which annual bluegrass bio~s can 
be controlled ~ chlorsulfuron for possible selectively in creeping 
bentgrass. 
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Fig. 5 Quality ratings of the seven grass species 
at chlorsulfuron rates of 0, 141, and 282 g/ha 
for experiment I and II 
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Fig. 6 Clipping weights of the seven grass species 
at chlorsulfuron rates of 0, 141, and 282 glha 
for experiment I and II 
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Fig. 7 Heights of the seven grass species 
at chlorsulfuron rates of 0, 141, and 282 g/ha 
for experiment II 
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APPENDIX A. KEN'IUCKY BLUEGRASS rnARAcrERISTICS 
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BLUEGRASS 
(Poa pratensis) 
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APPENDIX B. TALL FESOJE OIARACI'ERISTICS 
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TAll FESCUE 
(Fe$tuca arundinacea) 
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APPENDIX C. FIELD S'1UDY DESIGN 
roR EXPERIMENTS I AND II 
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CliLORSULEURCN 'IREATMENTS - (GRAMS/HECrARE) 
1. COntrol 8. 18 + 18 
2. 18 9. 35 + 35 
3. 35 10. 71 + 71 (split rates at 
4. 71 11. 141 + 141 2 week interval) 
5. 141 12. 212 + 212 
6. 212 
7. 282 
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FB BF B F B F B F FB B F FB FB B F FB 
8 11 ! 1 7 3 9 2 5 4 I 12 10 • i ' 
F B r B F FBI B F FB B F FB FB B F B F I B F j " j I 
60 
a Split-plot design with whole plots receiving the chemical 
treatment and sub-plots being the ~1o turf species (B = bluegrass, 
F = fescue). 
9 
B F 
7 
FB 
6 
BF 
-
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APPENDIX D. GREENHOOSE S'IUDY DESIGN 
EOR EXPERIMENT I AND II 
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CHLORSULFURCN '1RFATMENTS - (0, 141, and 282 GRAMS/HECI'ARE) 
GRASS SPECIES 
1. Annual bluegrass 5. QJackgrass 
2. Bentgrass 6. Branegrass inennis 
3. Fine fescue 7. Perennial ~egrass 
4. Tall fescue 
1 3 5 6 7 I 2 4 
141 0 282,282 0 141 0 141 282 0 141 282 282 141 0!282 0 141 0 141 282 
I I 
6 ~ 7 3 5 i 2 I 1 4 i 
1o 282 141 
I 
282 0 14 282 0 141 282 141 0 0 282 141 10 141 282 0 141 282 
2 5 7 4 6 3 1 
141 0 282 141 282 0 0 141 282 0 141 282 0 282 141 141 0 282 282 141 0 
4 6 5 2 7 3 1 
282 0 14ll282 141 0 141 282 0 0 282 141!141 282 0 0 141 282 282 141 0 I 
l l j 
3 1 1 j 2 l s 1 4 6 I 
i ! l 
141 282 0 0 141 282 141 282 0 1141 282 0 '1141 282 0 j282 141 0 0 141 2821 ~ I 
a Split-plot design with whole plots being the seven species and 
sub-plots receiving the chlorsulfuron treatment. 
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APPENDIX E. 1983 RAINFALL Dl\TA 
AT AMES, !OVA 
I 
5. 0-
4.8-
4. 6-
4. 4-
4. 2-
4.0-
3.8-
3.6-
3. 4-
3.2-
3. o-
2.8-
N 2. 6-
C 
H 2. 4-
E 
s 2. 2-
2.0-
1. 8-
1. 6-
1. 4-
1. 2-
1. 0-
o. 8-
o. 6-
o. 4-
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RAINFALL 1983 
AMES 
o. 2- ~ ~!: J ~~r .... J • r ~ t 
0.0~~~~~~~~!!~~!!~~~~~~~~ ., ., .,. "I '1"1"1"1"1"1"1'1"1"1 '1"1 '1"1'1"1"1"1 
11111 
33333344444455555566666677777788888899999900000 
01122300112200112200112200112200112200112200112 
50505049494949494938383838383827272716161616161 
HCINTHOAT 
60 
APPENDIX F. 1983 'l'EMPER1mJRE Dl\TA 
AT AMES, ICWA 
110 
105 
100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
F 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 
AMES 
f. 
I' 1 I 
I I 
I I 
1 I 
I I • :I 
I I 
II 
II 
l 
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TEMPERATURE 1983 
~ 
I I 
I I . . \ 
6 Jl I ~ 
j\ I \ I \ I\~ , ~~ I I 
: '"-. I \ : \ 
9 I \ : ' ~.: -. ~-1 ~I 
: ~ • I 
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: II • \ 
/'.. l~ J \ 
• f$ ~ : \ r, I I I 1 ~... ,.: ~ I I 1 • 
l""r ~:.A IF\1 I... 11 ~ ,,9 
: I I 1 {J 1 I 
' ~ ., ~I .. ,' 
I ~~ : 
f .. 
I 
I 
I 
.~ 
~ 
~rT~~~~·Tt,l~l~j~l~t-orr~~l~l~l-jr?I~I~I~~~ITI,I~jrrt~l~i~~~l~i~l,j-riTI,I~~IrTTI~j~ITI,I-r~~i~ITI,j-1~1~1 
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APPENDIX G. 
MlOVA TABLE FOR FIELD EXPERIMENTS I AND II 
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FIELD ~OJA TABLE FOR EXPERIMENTS I AND II 
Source dE 
Stuqy 1 
Error (a) 4 
Treatment 11 
Stuqy x Treatment 11 
Error (b) 44 
Species 1 
Stuqy x Species 1 
Treatment x Species 11 
Stuqy X Treatment X Species 11 
Error (c) 48 
*Significant at the 0.01 level. 
----~iean Squares-·---
Quality 
4.34** 
.85 
15.58** 
2.62** 
.43 
134.17** 
1.00 
14.96** 
2.74** 
.40 
Clipping Weight 
279,384** 
484 
7,913** 
2,797** 
393 
41,011** 
29,894** 
4,483** 
1,836** 
284 
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APPENDIX H. 
ANOJA TABLES EOR GREENHOOSE EXPERIMENTS 
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GREENHaJSE M!DJA TABLE FOR EXPERIMENT I AND II 
Source df 
~u~ 1 
Error (a) 8 
Species 6 
Stu~ x Species 6 
Error (b) 48 
Treatment 2 
Stuqy x Treatment 2 
Treatment x Species 12 
Stu~ x Treatment x Species 12 
Error (c) 112 
-------~~re~-------­
Quality . Clipping Weight 
33.30** 
.67 
55.18** 
8.33** 
1.00 
98. 70* 
1.98** 
20.00** 
1.31** 
.38 
10.32** 
.22 
15.79** 
41.68** 
.26 
7.18** 
.11 
2.63** 
.69** 
.16 
GREENHaJSE 'PNOJA TABLE FOR EXPER!l-lENT II 
Source 
Rep 
Species 
Error (a) 
Treatment 
Species x Treatment 
Error (b) 
df 
4 
6 
24 
2 
12 
56 
Mean Square 
Height 
5.90** 
123.13** 
4.70 
113.87** 
20.90** 
1.19 
*,**Significant at the 0.05 and 0.01 level, resp:ctively. 
